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Abstract
This preliminary report is based upon the experiences of
six students who had recently completed their first
semester of studying Unix. A phenomenographic analysis
of the interview transcripts identified four categones of
how students experienced Unix. One of the categories is
Unix as a resource, in which the student focuses on
characteristics of Unix such as its cost, vulnerability to
attack, robustness, and load capacity. The other three
categories focus on the direct user experience of Unix.
These three categories form an outcome space that is
linear and hierarchical. Those three categories are, from
lowest to highest: Unix as a set of commands, Unix as a
tool for solving certain problems, and Unix as a
professional computing environment. For this outcome
space, there are indications of a direct relationship
between the category most prominently manifested in
each student's interview transcript and the student's final
mark in the Unix course. There are also indications of a
similar relationship between the outcome space and the
student's performance on the R-SPQ-2F test for deep and
surface learning.
Keywords: Computing education, Phenomenography,
Deep and Surface Learning, Unix.
1 Introduction
Many students experience introductory Unix courses as a
tedious and pointless chore. While the Unix command
line is a powerful mechanism for getting a lot of work
done with an economyof key strokes, a number of factors
are a formidable barrier to student learning. These factors
include: student perceptions of Unix as irrelevant in the
real world; the irregularities inherent in Unix commands;
and the use of an unfamiliar non-GUI mode of human-
computer interaction. After studying Unix, many students
subsequently minimise their use of it and prefer to use
Microsoft Windows (henceforth, referred to simply as
"Windows").
Unix in its many forms (e.g. Linux) is a very important
part of the internet and the computingworld in general.
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It is not in the best interests of students, or society, that
many studentts who graduate with IT degrees are not
comfortablewith Unix.
In this paper, we renort on a preliminary
phenomenographic study of six students who had recently
completed their first semester of studying Unix. The aim
of this study is to identify the ways in which students
experience Unix. Future reports of this study will drive a
redesign of the teaching of Unix, with the aim of
facilitating a more positive way of experiencing Unix.
2 The Learning Environment for Unix
Before describing the phenomenographic study, we
briefly describe the environment at the authors' university
in which the students learn Unix. In response to poor
student response to learning Unix, but prior to the
commencement of this phenomenographic study, some
teaching changes had already been made with the aim of
improving student attitudes to Unix, and encouraging a
deep approach to learning. The basis for these changes
was the intuition of the teachers.
2.1Minilectures
Students are given a series of minilectures (15 minutes)
intended to counter negative student impressions of Unix.
These minilectures describe the widespread use of Unix
in commercial IT. An historical perspective on Unix
development is given, to explain the origins of the
syntactic problems and inconsistencies with the Unix
command line. The minilectures also discuss the strengths
and weaknesses of both the command line and graphical
user interfaces.
2.2 Discussion Groups
Students are encouraged to use online discussion groups,
where they are able to discuss their problems with Unix
and offer each other solutions. Most students took
advantage of this facility.
2.3 Independent Learning
Students were encouraged to setup their own Linux
system at home. For the obvious reason of security,
students were not given root access to the machines at the
university. By setting up their own Linux system at home,
they had total freedom to explore Unix. It is not known
how many students took up this option.
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3 Method and Motivation
3.1 Phenomenography
Phenomenography is a research technique that has been
used to examine the ways in which students experience
their learning. Phenomenographic researchers typically
gather data by interviewing a number of human
participants about a particular phenomenon. The
phenomenographer then analyses the transcripts, looking
for critical variations in the way the interviewees
articulate their experience of the phenomenon. In many
past phenomenographic studies, the data from
interviewees has been classified into a small number of
qualitatively different ways of experiencing the
phenomenon. For example, across many interviews of
students, in many studies, students have been found to
adopt a small number of qualitatively different
approaches to their study, including the well-known deep
and surface approaches (Ramsden, 1992; Biggs, 1987 &
1999). We discuss deep and surface learning at greater
length below. Also, in phenomenographic studies of
teachers, a small number of qualitatively different ways
of experiencing teaching have been identified, including
(1) the teacher-centred, transmission-oriented experience
of teaching and (2) the student-focussed experience of
teaching (Trigwell, 2000).
Phenomenography has been used to study student
learning across many disciplines, including statistics
(Reid and Petocz, 2003), physics (Booth and Ingerman,
2002), and music (Reid, 1997). Within computing, the
seminal phenomenographic work was by Booth (1992).
She studied the experience of students who were learning
to program. There has since been more work on
programming (Bruce et al., 2003; Stoodley, Christie, and
Bruce,. 2004, Eckerdal and Thun, 2005). Other
computing phenomenographic studies not concerned with
programming have included studies of students learning
about information systems, (Cope, 2002) the TCP
protocol (Bruce, Buckingham, Hynd, McMahon,
Roggenkamp, and Stoodley, 2004) and object-orientation
(Box & Lister, 2005). At least one phenomenographic
study in computing education has focussed on the
teachers - a study of lecturers' understandings of the
purpose of teaching elementary data structures (Lister,
Box, Morrison, Tenenberg, andWestbrook, 2004).
Prior to this study, there has not been a
phenomenographic study of students learning Unix.
There has been at least one non-phenomenographic study
of students learning Unix (Greening, 1996).
Why study (via phenomenography or any other method)
how students experience their learning? For their study of
students who were learning statistics, Reid and Petocz
(2003) offered the following justification, which applies
equally to the learning and teaching of Unix:
" ... students are generally unaware of the range of
variation in their fellow students' conceptions, and
making them aware of this range gives them the
opportunity to broaden their views ... this is
commonly done and successfully done in
professional development courses with university
74 lecturers... it seems reasonable that university
students would also benefit from such an
exploration .... [also] ... there are strong relations
between teachers' conceptions of their discipline
and the way that they go about teaching. ... the
learning environments that [teachers] set up in their
class can encourage those students who identify
with the lower. fragmented levels [of experiencing
the content] to engage with their learning at a
higher level." (p. 292)
3.2 Deep and Surface Learning
The authors' long term goal is to foster a deep approach
to student learning of Unix, and to discourage surface
learning. The concepts of deep and surface learning are
now well entrenched in texts read by academics seeking
to improve their teaching (e.g. Ramsden, 1992; Biggs,
1999). A deep approach to learning in a student is
characterised by: (1) the desire to understand, (2)
attempts to relate what is learnt to existing knowledge, (3)
attempts to see what is learnt as a coherent body of
knowledge, and (4) trying to see beyond the immediate
goal of exams and other assessment. In contrast, surf~ce
learning by a student is characterised by: (1) rote learnmg
of facts, (2) not relating what is learnt to pre-existing
knowledge, (3) learning facts without attempting to look
for relationships between those facts, and (4) the primary
learning goal is to pass the assessment.
The interviewees were asked to complete the R-SPQ-2F
survey (Biggs, Kember, and Leung, 2001). This is a
questionnaire developed to measure the extent to which a
student has adopted a deep or surface approach when
studying a particular subject. Our intent is to validate the
R-SPQ-2F survey within the context of learning Unix, by
comparing it to our analysis of the interview transcripts.
If the survey can be validated, then future innovations in
our teaching might be more economically assessed via a
class survey, rather than via interviews.
3.3 Interviewee Background
The first author interviewed six students who had just
completed a semester of learning about Unix. Out of a
total enrolment of95 students, only these 6 volunteered to
be interviewed. Four of the interviewees came from a
non-English speaking background.
The students had varying backgrounds with Unix, and
computing in general, prior to starting the course. Three
of the interviewees had some systems administration
experience, but primarily for Windows systems. One
interviewee had administration experience exclusively on
Windows systems. Another interviewee had limited
exposure to system administration with Unix, while the
third interviewee had extensive exposure to Windows
system administration and limited exposure to Unix
system administration. The remaining three interviewees
had very little prior exposure to Unix but were quite
comfortablewith using Windows.
3.4 Interview Structure
The interviews were semi-structured, with the following
question set formulated prior to the interviews being
conducted:
1. Tell me about your experience with Unix prior to this
subject.
2. What does the word "Unix" mean to you?
3. What do you think is the role of Unix in this subject?
4. What do you think is the role of Unix in this degree?
5. What do you think is the role of Unix in computing in
general?
6. What do you think is the role of an operating system,
whether it be Unix, Windows, or any other operating
system?
7. What do you understand by the term "script"?
8. In what ways are scripting languages and application
level programming languages different?
9. In what ways are they the same?
10. What do you understand by the term "file system"?
11. What do you understand by the term "pipe"?
The interviewer routinely diverged from the above set of
questions, to pursue interesting issues that arose during
the interviews.
4 Results and Analysis
4.1 Overview
We analysed the data using established
phenomenographic techniques. Akerlind (2005)
described the variations in phenomenographic practice. In
her terms, our analysis used the following variations: (1)
we considered excerpts from transcripts, (2) the two
authors analyzed the data jointly, (3) our analysis
focussed primarily on attempting to resolve mismatches
between our respective initial, independent
interpretations, (4) while the structure of our analysis did
emerge from the data, it was also driven by structural
regularities we had observed in earlier phenomenographic
studies (see section 5.2) and (5) our focus is on pragmatic
validity (i.e. the value of the analysis for providing
insight into the teaching and learning of Unix).
From our preliminary analysis, we have identified four
ways in which the six interviewees experience Unix:
• Unix as a set of commands
• Unix as a tool for solving certain problems
• Unix as a professional computing environment
• Unix as a resource.
These four ways of experiencing Unix are described in
the next four subsections, with quotes from interviewees
to illustrate each way of experiencing Unix. Each quote is
followed by a code in square brackets, which identifies
the interviewee.
4.2 Unix as a set of commands
One of the six interviewees articulated his experience
spoke of Unix as a weakly related set of commands:
"Some of the topics [in Unix] were quite interesting,
but the actual topic area itself is a little dry. After all
it'sjust a series of commands at the end of the day."
[S04]
The interviewee expressed a general preference for GUI
interfaces over command line interfaces:
"... on the user side of things. [Unix is] not that great
yet.. .. as opposed to say, Windows.... sometimes the
GUI is there [in Unix] but you couldn't do
everythingyou wanted to." [S04]
4.3 Unix as a tool for solving certain problems
Students articulating this experience of Unix
characterised Unix as a general purpose operating system
available as an alternative to other operating systems.
They appeared comfortable with the Unix command line
interface, and were oriented towards using Unix as a tool
in particular situations:
"You can use just one line commands to do a lot of
stuff that you have to do using excel spreadsheet.
Using one line you can do in 10, 20 or 50 steps
using a spreadsheet." ... It has so many utilities that
allow the system administrator to writejust one line
of commands to do a lot of stuff. If you want to
search for something, in Windows you have to do
maybe ten steps to do that. In Linux just one line of
commands will do the stuff that you want. This is a
powerful thing in Unix." [S03]
"The file structure is very flexible. One of the
powerful things is text processing, scripting with the
command line of Unix. ... Linux is not just a
command line, but it can also support a very
powerful graphic vision." [SOl]
"Probably the most basic task which I crave in a
Windows machine now is the powerful [Unix]
command line. For moving round, copying data., ...
1find it extremely great to be able to go in with vi,
via the command line, and just go in, quickly locate
something in the HTML, if I've got a spelling error.
or something, manipulate thefile, and log out of the
server." [S05]
Students who strongly articulated this experience saw
Unix and Windows as systems with differing strengths
and weaknesses. Unix was seen as a particularly useful
tool for solving some problems.
4.4 Unix as a professional environment
Students articulating this experience of Unix saw it as
being a superior way to organise and use a computer:
"1 think Unix and Linux is more powerful. .... It's
more professional than Microsoft I discovered a
new world of computing in Unix. 1changed my
study direction after a few hours [of commencing
study of Unix] ... Even though I have finished the
subject,1still study more about Unix.1usually come
here in the evenings to study Unix. The history, read
some article. some things that have not been taught
to me in this course." [SOl]
"I am a systems administrator. and 1used to use
Microsoft based, and we have, you know. so many
problems, with Microsoft, if you are a system
administrator. Unix now, opens, I think a new track
for me, to deal with system administration using
Unix, and now I am planning to study Unix systems' 5
administration next semester, because 1 would like to
be a Unix systems administrator. Because 1 like ...
[Unix] ... so much. 1 think it's powerful, and will
develop my future career in systems administrator."
[S03]
In the case of student S03, quoted above, we note that his
experience of Unix may be primarily formed as a reaction
to his encounters with Windows prior to studying Unix,
and not primarily as a result of his Unix learning
expenence.
4.5 Unix as a Resource
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This experience of Unix is quite different from the
previous three experiences. Unlike the earlier
experiences, this experience makes no reference to the
command line, or system architecture of Unix. Instead,
the focus is on properties of Unix discernible even to
someone with a non-technical background - its cost, its
speed, its robustness, and the high level of security:
"For a server operating system, the best is Unix. If
you want to host a website for the internet, you need
a powerful server, that can hold the website, and
which will have the minimum downtime. 1 think the
downtime for Unix is less than other operating
systems downtime." [S03]
"For Microsoft it's easier for the programmers to
develop some programs like viruses and Trojan
horses to attack the system. For Unix for the system
administrators it's hard to develop viruses and
Trojan ... it's more secure." [S03]
"With a Unix machine I can successfully set up a web
server that can handle thousands of users at one
time." [S05]
" ... you can download [a version of Unix] from
anywhere and it's a free download... Whereas if you
are wanting to play around with a Novell Server or a
MS Windows server, the licences are two to three
thousand." [S05].
"I did research on Google ... it also said FreeBSD is
good as well... it's not really a bad system for
implementing afirewall .... Also, it was free." [S06]
4.5. The Outcome Space
In the previous four sections, we have described four
ways, or categories, in which the interviewees
experienced Unix. We now discuss relationshipsbetween
these categories. In phenomenographic terms, the
relationships between categories form an outcome space.
Outcome spaces are often linear and hierarchical. The
higher categories subsume the lower categories. A higher
category is a more sophisticated understanding than a
lower category.
Three of the four experiences of Unix form such a
hierarchy. At the lowest level of the hierarchy is the
experience of Unix as a set of commands with little
connection between them, followed by Unix as a tool for
solving certain problems, with the most sophisticated
experience being Unix as a professional computing
environment. As we move through those three categories,
from lowest to highest, the level of technical
sophistication increases, and there is a greater degree of
integration of various Unix skills and knowledge.
At this stage of the project, it appears that students do not
connect the category "Unix as a resource" to the other
three categories. For example, the students appear to see
the superior security of Unix as an "accidental" property
of Unix, not a consequence of the architecture of Unix.
Perhaps, as we collect more interview transcripts, we will
see students who do articulate such a connection. On the
other hand, perhaps such a connection is not currently
being articulatedby the teachers.
4.6 Individuals and Categories
On the basis of quotes read out of context, such as the
quotes given above, interviewees cannot be assigned to a
single phenomenographic category. An inspection of the
interview quotes given above demonstrates that, for
example, quotes from interviewees SOl and S03 are used
to illustrate both the category "Unix as a tool for solving
certain problems" and the category "Unix as a
professional computing environment". Since these two
categories are part of a hierarchy, an interviewee who
manifests the higher category will also manifest the lower
category. In general, if an individual is shown the
categories generated from phenomenographic research,
they will identifywith more than one category, to varying
degrees.
However, it is possible to read the entire transcript of an
interviewee and identify the highest category of a linear
hierarchical outcome space that is articulated prominently
by an interviewee. For the linear, hierarchical outcome
space identified in this paper, we have performed such a
whole-of-transcriptanalysis. Table I shows the categories
to which we assigned the six interviewees. In the next
section, we compare those assignments to the
interviewees' scores on the R-SPQ-2F questionnaire.
4.7 The R-SPQ-2F Questionnaire
The R-SPQ-2F questionnaire is a points system for
assessing the extent to which a student manifests a deep
and/or surface approach to the learning of a given topic. It
contains 20 statements, such as:
• My aim is to pass the course while doing as little
work as possible.
• I find most new topics interesting and often
spend extra time trying to obtain more
information about them.
• I learn some things by rote, going over and over
them until I know them by heart even if 1 do not
understand them.
• I work hard at my studies because 1 find the
material interesting.
The six interviewees were required to respond to these
questions, as they applied to their study of Unix, on the
following 5-pointLikert scale:
• Never or only rarely true of me
• Sometimestrue of me
• True of me about half the time
• Frequently true of me
• Always or almost always true of me
Each of the above responses is assigned a point value,
from one to five, in the above order of responses. From a
student's responses to the questionnaire, using the above
response point scoring system, two scores are constructed
for that student. One score is an index of the extent to
which the student manifests a deep approach to learning.
The other score is an index of the extent to which the
student manifests a surface approach to the learning. For
both indices, a student scores between 10 and 50; a score
of 30 being neutral, lower scores being weaker and higher
scores being stronger in the approach.
Table 1 summarises data for all six interviewees. For each
student, the table shows the relationships between: (1)
The student's final assessment mark for their study of
Unix (a higher percentage is better); (2) the authors'
whole-of-interview categorisation of the student, as
described in the previous subsection, and (3) the
student's deep and surface learning indices derived from
the R-SPQ-2F questionnaire. The table is ordered
according to the students' assessment mark. With only six
interviewees, we make no claims of there being
statistically significant trends in the relationships.
However, these preliminary results suggest that there is a
positive relationship between a student's assessment
mark, the student's dominant experience of Unix as
manifested in the interview, and their scores in the R-
SPQ-2F questionnaire.
5. Reliability and Validity
This section discusses the degree of confidence we can
have in the preliminary results reported in this paper.
5.1 Number of Interviewees
It is possible to perform a preliminary phenomenographic
analysis with only six interviewees. Phenomenography is
a qualitative research method, not a quantitative method.
From the data presented, it would not be appropriate to
speculate upon the frequency among students of any of
the above categories. To make such conclusions would
require significantly more data and a different research
method. The aim of phenomenographic research is
merely to capture the full spectrum of diversity, not
quantify it.
We make no claim to have identified, at this stage, the
full spectrum of diversity in student experiences of Unix.
Even for a phenomenographic study, six interviewees is a
relatively low number of data sources. However,
phenomenographers routinely collect and analyze data
concurrently, ceasing to collect data when they establish
saturation - when several consecutive interviews do not
lead to the identification of new categories (and the
outcome space suggests that there are no missing
categories in the existing data). With only six interviews
we do not claim to have reached saturation - this paper is
a report on a work in progress. Interviewing more
subjects may elaborate but not invalidate this preliminary
study. That is, interviewing more students will probably
add more categories, and add further structure to the
outcome space, but collecting more interviews is unlikely
to invalidate the categories and outcome space we have
identified in this paper, though it is possible. Having
collected a subset of the data we will eventually collect,
we believe our existing analysis captures a valid, possible
subspace of the outcome space we will eventually
construct.
5.2 Relationship to other computing studies
Another source of confidence in this preliminary analysis
is its consistency with past phenomenographic studies in
computing. We see a pattern emerging from those past
studies, which is also present in our study. In
phenomenographic computing studies that identify linear,
hierarchical outcome spaces, there are usually either three
categories, or the categories form three groups. In the
lowest category (or group of categories), students focus
on syntactic/notational/mechanical issues. In the next
category (or group of categories) students focus on
problem solving. In the highest category (or group of
categories) students focus on social and/or professional
issues. For example, both Booth (2001) and Berglund
(2005) identify three categories that form a linear
hierarchical space consistent with this general description
(see Table 2).
6. Conclusion
Using the phenomenographic method of analysis, we
have found categories describing the student experience
of Unix. Three of these categories form a linear
hierarchy, which is broadly consistent with the findings
of some past phenomenographic studies on other aspects
of computing. We also note that our analysis of the
interviews triangulates well with the student scores on the
R-SPQ-2F questionnaire. This paper is only a preliminary
report, and more data needs to be collected and analysed
before final conclusions are drawn. However, the
consistency between this study, past studies, and the R-
SPQ-2F questionnaire suggest that while we may not as
yet have identified the whole picture, we have at least
identified a self-consistent piece of that whole picture.
In future work, we will be continuing the same form of
analysis with a larger pool of students. We will also be
conducting similar interviews with academics, systems
programmers and people who use Unix in their
employment, so we can compare their conceptions of
unix to the conceptions of our students.
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